, .
, , anaesthesia varies greatly with the type of the tl0n m dosage of thlOpentOne USed during patient." (Murphy, 1946) .
operations on adult patients in whom none of the above -mentioned factors was THIS quotation accurately outlines the present. In comparing the requirements present-day approach to the use of thio-o f the drug in any two series of patients pentone. Knowledge of the various patho-variables must be reduced as far as poslogical states which influence the dosage s ible. The drug or pathological condition of this thiobarbiturate is accumulating, under study should be the only factor of These include sensitivity in patients difference in the two groups. Nevertheless, with liver damage (Shideman, Kelly and even under these circumstances it is not and Adams, 1949; Dundee, 1952a) , known whether dosage should be recorded severe anaemia (Dundee 1952b) , shock as the average amount of thiopentone (Adams and Gray, 1943; Halford, 1943) , administered during a fixed time, or malaria (Ashworth, Pleasance, Goldman whether dosage should be calculated on a and Johnson, 1946) and uraemia (Dundee weight basis, as so many mg. per kg. Likeand Richards, 1953) , resistance being wise, there is no information available as observed in subjects who are receiving to how similar two series should be as daily large doses of sedative or analgesic regards sex and age for them to be corndrugs (Dundee and Gray, 1951; Pratt, parable. The present study was carried 1951). Racial factors as a cause of varia-out to elucidate these points, tion in dosage have been the subject of recent publications (Ashberry, 1953;  CLINICAL OBSERVATIONS Galley, 1953; Scott, 1953) . The influence Anaesthetic records of 500 adult on the dosage of thiopentone of analgesics patients, in whom the operating time such as pethidine (Wolfers, 1953) , methor-exceeded 2 hours, were studied. In all of phinan or morphine (Brotman, Cullen these the sole drugs used were thiopentone, and Wilkins, 1950) or of the recently nitrous oxide-oxygen (1 litre of each per introduced mixtures used by the French min.) and a muscle relaxant (d-tubocuworkers with or without hypothermia has rarine chloride, Laudolissin or gallamine been reported (Huguenard, 1953; Dundee, triethiodide) . Morphine gr. 1/6 (10 mg.) Gray, Mesham and Scott, 1953) .
and atropine gr. 1/100 (0.65 mg.) given 164 1-11 hours before operation was the premedication. The cases were divided into three groups:
A. Abdominal operations, during which respiration was manually controlled throughout.
B. Abdominal operations with aided or spontaneous respiration.
C. Thoracic operations with manually controlled respiration. Previously, it has been shown that controlled respiration reduces the amount of thiopentone required during abdominal operations (Dundee, 1952c) , and therefore it was necessary to subdivide the abdominal cases (groups A and B). The anaesthetists and surgeons for the complete 500 cases varied, but within each of the series the personnel was the same. Details of the operations performed, the sex, age and weight of the patients and the relaxants used are shown in table I.
In all cases the amounts of thiopentone and relaxant administered were the minimum which would produce satisfactory operating conditions. Within limits, the larger the dose of relaxant used the smaller will be the requirements of thiopentone and vice versa. However, with one team of anaesthetists administering all the anaesthetics in one group of cases, it may be assumed that the barbituraterelaxant ratio will be constant within each series, and since the requirements of patients in one group are never compared with those in another group, this factor is eliminated as far as possible.
The total dose of thiopentone administered was recorded every quarter of an hour for two hours in each case. For analysis of the requirements, both the actual amount of barbiturate given at any In a series of 500 cases it would seem simple to plot the dose of thiopentone required at the end of two hours' anaesthesia against body weight and thus determine if there is a linear relationship. Figure 1 shows the result in the abdominal cases with controlled respiration. While there is a tendency to larger doses when the body weight exceeds 70 kg., the scatter of dosage is too great to draw any definite conclusions. Even in abdominal cases with aided or spontaneous respiration, when the scatter of both dosage and body weight 
Body weight in kilograms
Fio. 1 Relationship of dosage of thiopentone, required to produce anaesthesia for two hours, to body weight in 151 patients undergoing abdominal operations during which respiration was controlled throughout is much less ( fig. 2 ), it is still not possible to draw any definite conclusions although the relationship is more marked than in figure 1. Thoracic cases show a similar picture to figure 1. An alternative method of approaching this problem is to calculate the scatter of actual dosage required for two hours' anaesthesia in each series. This may be compared with the scatter of the same dose expressed as mg./kg. body weight. If the latter is appreciably less than the former, not only is there a relationship between dosage and body weight, but one can assume that it is better to express the average dose of thiopentone in a series of cases as mg./kg. than as the average of the actual requirements. To simplify matters the term "weight-corrected dose" has been introduced. This is the equivalent dose for a 10 stone subject, that is to say the dose in mg./kg. multiplied by 63. This calculation does not affect the coefficient of variation for dose expressed as mg./kg., and it has the advantage of expressing mean requirements of thiopentone in figures with which everyone is conversant. Table II shows that in each series of cases there is much less scatter with the Fio. 2 Relationship of dosage of thiopentone, required to produce anaesthesia for two hours, to body weight in 100 patients undergoing abdominal operations during which respiration was spontaneous or aided throughout weight-corrected dosage than with the produce anaesthesia for 2 hours in normal actual dosage. This is shown graphically subjects bears a relationship to body in figure 3. These findings confirm those weight. This relationship is not very of figures 1 and 2 in showing that the marked, and in clinical anaesthesia large average dose of thiopentone required to differences in body weight are necessary before any difference in reaction to thiopentone is observed.
Since requirements of the barbiturate were known throughout the course of all the operations, it was felt that it might be of interest to determine whether the relationship of dose to body weight was present throughout the anaesthetic. This was done in the series of abdominal operations with controlled respiration, results being shown in table II and figure 4. These are interesting as they show that, at the induction of anaesthesia, there is a very small scatter of the actual dosage of 
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Fio. 4 Coefficient of variation of actual dosage ----weight-corrected dosage of thiopentone requirements during the course of abdominal operation on 151 subjects in whom respiration was controlled throughout.
thiopentone indicating a tendency to administer a fixed dose rather than one related to body weight. This tendency is more marked after one hour, but, during the last half hour of the administration, the coefficient of variation of the weightcorrected dose is less than that of the actual dose indicating that dosage is then related to body weight. It may be that, had figures been available for requirements after 3 hours, the relationship of dose to weight would have been even more marked. It would seem that the longer an operation proceeds the more will the dose of thiopentone administered approximate to the true requirements of the patients.
RELATIONSHIP TO SEX
A search was made through all the cases in table I, and 52 males and an equal number of females were found in whom it was possible to compare the B requirements of thiopentone directly. These are listed in table III. For each male undergoing a particular operation there was a corresponding female having a similar procedure performed, and the age of the two patients did not vary by more than 1 year, or their weight by more than 2 1b. The average amount of thiopentone administered to each of these series is shown in table IV, both the actual dose and weight-corrected dosebeing recorded. The overall picture shows that males require, on the average, more thiopentone than females. There is a statistically significant difference in the requirements of the two sexes after two hours of anaesthesia.
RELATIONSHIP TO AGE
The average 2 hour requirement of thiopentone was calculated for different age groups in 5 series of operationsgastrectomy with controlled respiration (92 cases), gastrectomy with aided respiration (65 cases), pneumonectomy (66 cases), lobectomy (91 cases), and segmental resection of lung (55 cases). The average of the weight-corrected and actual dosage is given in table V, the findings being shown graphically in figure 5 .
Results show that there is no definite relationship to age of the average of the FlO. 5 The relationship of average dosage of required to produce anaesthesia for two in 5 series of patients described in thiopentone, hours, to age the text. actual dose of thiopentone administered at the end of 2 hours of anaesthesia. The averages of the weight-corrected dose, however, show that requirements are fairly constant between 26 and 46 years of age. Patients aged 25 years and under require, on the average, more thiopentone than during middle life, and dosage declines in patients over the age of 46. In view of the fact that dosage bears some relationship to body weight it can be concluded that at the extremes of age there is a different tolerance to thiopentone as compared with requirements during the third and fourth decades of life.
DISCUSSION
For results in a study of this nature to be completely reliable one would have to study the response to thiopentone of a large number of volunteers of varying weight, sex and age, who were undergoing no surgical operation. The information derived from such a study is unlikely to be of such importance as to justify the risk involved-even though this is small-and the time required. In any anaesthetic only clinical judgment can estimate whether the dose of thiopentone administered is the minimal required for the particular operation. However, in a large series of administrations by experienced anaesthetists one is probably justified in concluding that the average of the actual dose administered approximates to the average of the actual requirements of the patients.
On this assumption these results show that body weight is a factor in determining the dosage of thiopentone required in healthy adult patients. The relationship is by no means striking, and only at extremes of weight is the difference in response clinically obvious.
The work of Brodie and his coworkers (Brodie, Mark, Papper, Lief, Bernstein and Rovenstine, 1950; Brodie, 1952; Brodie, Bernstein and Mark 3 1952) has established that body fat is one of the factors in limiting the duration of action of thiopentone. Others which play a part are the volume of circulating blood and the efficiency of detoxicating mechanisms. In healthy subjects the blood volume and the size and weight of the liver and kidneys are proportional to the body weight. The same cannot be said of the amount of body fat, and it is likely that variations in this latter are the reason why a more marked relationship of thiopentone requirements to body weight was not found.
It is generally accepted that men have, on the whole, a more robust constitution than women, and are more resistant to poisons and to drugs in general (Gordh, 1950) . This may explain the greater tolerance to barbiturates in males that was found in these cases.
It has been stated in the introduction that none of the patients whose thiopentone requirements were analyzed in this paper, had any of the pathological conditions known to affect the dose of thiopentone. Liver and kidney function tests, haemoglobin estimations, etc., were not carried out as a routine on every patient. Minor undetected disturbances in metabolism were almost certainly present in many of the elderly patients. While these were not of such severity as to be obvious clinically, their effect in decreasing the tolerance to thiopentone has become apparent on analyzing requirements of the drug necessary to produce anaesthesia for 2 hours in a large number of patients. If the thiopentone requirements of a series of unselected cases were to be analyzed, one would expect the effect of age in reducing requirements of the barbiturate to be even more marked than has been found in these cases.
Guedel (1943) states that metabolic rate and reflex irritability are increased between birth and 20 years of age. Thereafter they both decrease gradually until the age of 80. This could account for the increased requirements of thiopentone found in the subjects under 25 years of age. Not only do they detoxicate the thiopentone at a rapid rate, but more of the drug will be necessary to obtund reflex activity, as compared, with patients above this age.
CONCLUSION
In comparing the requirements of thiopentone in any two series of cases, the doses of the drug should be recorded in mg./kg. or in some figure which bears a relationship to body weight. Each series should be the same as regards males and females. Age of patients in each is not important between 25 and 46 years, but outside this range they should be balanced, with equal numbers at each extreme of age in each series.
SUMMARY
The factors known to influence the dosage of thiopentone have been listed. Thiopentone requirements have been observed in 500 normal adult patients undergoing abdominal and thoracic operations, in whom thiopentone was used as the sole narcotic.
The requirements of thiopentone in these patients have been analyzed for their relationship to body weight, sex and age. The significance of the findings is discussed.
The amount of thiopentone required to maintain anaesthesia for 2 hours in normal adult patients is related to the body weight. This relationship is not very marked and is only obvious clinically at extremes of weight.
Adult males, on the average, require more thiopentone than adult females.
Requirements of thiopentone are fairly constant in middle age, but are increased in patients under 25 years of age and decreased in those aged 46 and over.
In comparing the average requirements of thiopentone in any two series of patients allowance must be made for the above factors.
